Rapid growth in the number of women serving in the U.S. military in the post 9/11 era (Street, Vogt, and Dutra 2009; McGraw, Koehlmoos, and Ritchie 2016) has been accompanied by an increasing number of reproductive-aged Veterans using health care benefits from the U.S. Department of Veterans Affairs (VA) Health Care System after separation from service. While women remain a distinct minority, <7 percent, of the patient population cared for by the VA, the absolute number nearly doubled from 2003 to 2012 and likely will continue to rise . Accordingly, the past decade has witnessed significant growth in VA's attention (programmatic and research) to women Veterans' health care needs (Vogt, Barry, and King 2008; Yano et al. 2010 BeanMayberry et al. 2011; Hayes 2011; Frayne et al. 2013; Maisel et al. 2015; Fox et al. 2016; Zephyrin 2016) . At the same time, changes in VA's role as insurer (U.S. Congress 1996) led to the coverage of maternity care, and subsequent expansion (U.S. Congress 2010) to include newborns' health care coverage in the first 7 days of life. The number of Veterans relying on VA for maternity benefits has steadily grown to a few thousand per year Shaw et al. 2014) . Any VA-enrolled Veteran who becomes pregnant is eligible to use the VA maternity benefit, yet many may also have private insurance or are eligible for public Medicaid coverage once pregnant. Little is known about which Veterans opt to rely on VA coverage for their primary health insurance once pregnant. and focused on self-reported outcomes (Katon et al. 2015) . It remains unknown what fraction of eligible Veterans' pregnancies the VA is covering, and how the health risks and pregnancy outcomes of mothers using VA maternity resources compare to their Veteran and non-Veteran peers.
We aimed to better understand the needs of Veteran mothers by understanding their characteristics and risk profiles. Specifically, we examined linked California and VA data to describe: (1) fraction of eligible Veteran mothers for whom the VA provides maternity care coverage, (2) trends in other maternity care payers coverage for Veterans' obstetric care over the past decade, (3) trends in preterm birth in Veterans, and (4) differences in obstetric risk profile and outcomes among Veteran pregnancies (VA and non-VA covered) and the general population.
METHODS

Study Design
This was a retrospective, population-based observational study of all live births to confirmed Veterans in California from 2000 to 2012 ( Figure S1 ). Veteran status was specified at the individual birth level and confirmed if the Veteran's VA recorded separation date from military service preceded the date of the delivery in question (i.e., for mothers with repeat deliveries, Veteran status was a time-varying indicator). For all births to confirmed Veterans, we first compared characteristics (demographic, obstetric, and insurance payer) to all other California births; for comparability, the cohort was restricted to mothers aged 19 to 49. To broadly explore changes in characteristics of our cohort over time, we examined unadjusted trends in the fraction of Veterans' births covered by each category of payer (VA, Medicaid, Private insurance, Military insurance, Other government payer, or Self-pay/unknown). Similarly, to observe any gross changes in outcomes we examined unadjusted trends over time in preterm birth rates, comparing Veteran to all other California births. To understand differences in women Veterans who did and did not rely on VA maternity coverage, we first compared their characteristics. We then used multivariable regression to perform adjusted comparisons of Veterans' obstetric outcomes by payer status (VA, Medicaid, or Private/other). Lastly, to understand Veteran mothers' obstetric risk profile, we compared obstetric outcomes for all Veteran births (regardless of payer) to outcomes for all other California births.
Veterans' Births in California 5263
Data Sources/Study Setting Secondary data analyses were used to identify all in-hospital deliveries in California to VA-enrolled Veterans, using linked California birth data and VA administrative data. For obstetric and demographic data, we used a previously described (Herrchen, Gould, and Nesbitt 1997; Phibbs et al. 2007 ) combined state database maintained by the California Office of Statewide Health Planning and Development that consists of all obstetric discharge claims linked to birth certificate data (2000-2012, n = 6,605,973) . For Veteran-specific data, we used several data sources previously described and available through the VA Corporate Data Warehouse (Fihn et al. 2014 
Data Collection/Extraction Methods
Data Linkage. VA enrollment data for all reproductive-age female VA enrollees were linked with California birth records (birth certificate and hospital discharge summary abstracts derived from claims data), which provided key descriptive characteristics and obstetric diagnoses. All analysis was done on a dataset that had been anonymized after linkage. Linkage was done by an independent third party, using access to minimal necessary confidential information (i.e., no analytic variables were in the data files for the linkages), in a partitioned VA environment accessible only to this third party, using previously developed, but modified probabilistic match techniques (Herrchen, Gould, and Nesbitt 1997; Danielsen 2000) which first match Social Security Number (SSN) and second match maternal date of birth and name. Our match technique (Herrchen, Gould, and Nesbitt 1997; Danielsen 2000) retains all matches above a critical match threshold that was based on extensive clerical review of linked records (i.e., we did not only retain perfect matches). Due 5264 HSR: Health Services Research 53:6, Part II (December 2018) to our inability to determine a base population (i.e., not knowing the true denominator of the number of VA-enrolled women who have given birth in California in a year), it was not possible to generate match percentages to describe the overall success of the linkage. However, we were able to use the subcohort of known VA-covered births that occurred in Veterans with evidence of residency or VA-assigned care in California, and use that denominator to determine linkage yield, as an estimate for overall linkage success: 95.3 percent. The third party's linkage result consisted of a crosswalk of the anonymized VA and birth record identifiers. The finder file was then destroyed, after it had been used to create the crosswalk file, which replaced SSNs with anonymized VA identifiers and paired each with the unique identifier for the matched birth records from the California database. We used both VA claims data (indicating the VA paid for the maternity care) and insurance codes from California birth data (Braveman et al. 1998) Covariates. Maternal age, parity, race, ethnicity (Baumeister et al. 2000) , and highest education level (as an indicator of socioeconomic status) were derived from birth certificate data and were considered relevant covariates as they are known to strongly associate with pregnancy outcomes, especially preterm birth. Likewise, gestations involving multiples (twins or higher order) were identified using birth certificate and maternal and infant hospital discharge summaries.
Obstetric Outcomes. For obstetric outcomes, we focused on the two most common and high cost outcomes-preterm and cesarean births-and the most prevalent subacute antepartum complications-gestational diabetes and preeclampsia. Additionally, as a proxy for infant complications we identified newborns with admission to the neonatal intensive care unit (NICU).
We principally relied on birth certificate data to identify estimated gestational age. For our primary analysis, we used the gestational age estimate derived from reported last menstrual period, as this value was available across all study years. In instances where the gestational age was missing, we applied Veterans' Births in Californiathe Kotelchuck algorithm (Kotelchuck 1994; Remy and Oliva 2006) to impute gestational age from birthweight and gender values. In sensitivity analysis, we explored alternative use of "best obstetric estimate" of gestational age, which is a relatively new variable (Dietz et al. 2007 ) only available in our California birth certificate data from 2007 onward. Throughout, we identified preterm birth as delivery prior to 37 weeks' gestation and further subcategorized preterm birth by gestational age into very preterm (<32 weeks) and moderate to late preterm (32 to <37 weeks). To further examine variation in preterm birth, we attempted to characterize any observed increased risk as attributable to spontaneous or medically induced preterm births, using a previously developed algorithm (Shachar et al. 2016 ) that combines birth certificate and discharge summary data to subtype preterm births as "spontaneous," "medically indicated," or "unknown." Cesarean deliveries were identified by the presence of any indication of cesarean section within either the birth certificate or the discharge summary data (i.e., DRG or ICD-9 procedure codes) (LydonRochelle et al. 2005; Yasmeen et al. 2006) . For gestational diabetes (GDM) and preeclampsia, we relied on discharge summary abstract data as the most reliable source (Devlin, Desai, and Walaszek 2009; Haghighat et al. 2016) . To identify newborns with more than routine newborn care, we used an algorithm (see Table S1 ) to estimate use of neonatal intensive care (NICU) services; the algorithm uses an approach that combines infant length of stay with birth certificate and/or discharge data indicating NICU level of care was likely provided.
Analysis
The analytic cohort was restricted to births at maternal age 19 to 49 and gestational age >20 weeks (to remove likely fetal demise). Analyses were performed using SAS 9.3 and STATA 14.0. We performed unadjusted statistical comparison of maternal characteristics between Veteran and all other California births, and between VA-covered, Medicaid-covered, and Private/other payer Veteran births. Comparisons of obstetric outcomes were modeled using generalized estimating equation models, with clustering by maternal identifier and robust standard errors to account for repeated measures (i.e., mothers with repeat births), to estimate adjusted odds ratios (aOR) and 95 percent confidence intervals (CIs). All models were adjusted for age, education, race, ethnicity, maternal parity, and higher order gestations. The regression models for preterm birth were analyzed first for any preterm birth (<37 weeks) and then separately for moderately preterm (32 to <37 weeks) and very preterm (<32 weeks). If the predictor of interest was associated with preterm birth, we then explored whether the excess risk was suggested to be due to spontaneous preterm birth, by running three additional models for each of the algorithmically assigned outcomes of "spontaneous," "medically indicated," or "unknown." Lastly, in sensitivity analysis, we reran all models of preterm birth restricted to births in years 2007-2012, first with the gestational age derived from the last menstrual period estimate, then with the gestational age derived from the more recently introduced birth certificate field "best obstetric estimate."
RESULTS
From 2000 to 2012, there were 17,495 births to 13,032 confirmed Veterans representing 0.3 percent of the 6.6 million births to women aged 19-49 in California. Roughly half were covered by Private insurance, which decreased (from 58 percent to 40 percent) gradually ( Figure 1 ). Medicaid, the next most common payer for Veteran births, remained relatively stable (from 17 percent to 15 percent) while coverage by the military health care system (TRICARE) increased from 16 percent to 25 percent. From 2000 to 2012, the proportion of VA-covered births grew linearly from <2 percent to 14 percent. Overall, VA was the payer for 9 percent (n = 1,508). The trends in preterm birth prevalence among Veterans (starting at 94 and ending at 92 per 1,000 live births) generally mirrored California's overall (starting at 101 and ending at 93 per 1,000 live births), with a similar peak midway through the decade at 119 per 1,000 live births (vs. 111 per 1,000 for California overall) ( Figure S2 ). Veterans, compared to all other California mothers, were just slightly older on average, more frequently black, and much less likely to be Hispanic or lack a high school diploma, all at level of significance p < .001 (Table 1) .
Comparing Veterans who relied on VA coverage, Medicaid coverage, or Private/other coverage for maternity care, there was only minimal difference in age, race, and ethnicity; those using VA coverage were most similar to those using Private/other coverage. Veterans using Medicaid were slightly younger and more likely to be black and Hispanic. For those using VA coverage, there were more marked differences in past experience (Table 2) . Specifically, Veterans who relied on VA coverage for their pregnancy were most likely (49 percent) to be first time mothers, and nearly twice as likely (28 percent vs 17 percent, p < .001) to have deployed in support of combat Operation Enduring Freedom/Operation Iraqi Freedom (OEF/OIF) than those Veterans who relied on Medicaid. Almost all Veterans using VA coverage had also recently engaged in VA outpatient clinical care, in contrast to the VA-enrolled Veterans who used Medicaid or Private/other coverage for their maternity care (98 percent vs. 35 percent and 28 percent, respectively, had VA encounters in the two years prior to delivery, p < .001).
Comparison of obstetric outcomes for Veterans who used VA maternity coverage to those using Medicaid or those using Private/other coverage showed roughly similar prevalence of preterm birth by subtypes and overall (Table 3) . After full adjustment, only those using Medicaid coverage demonstrated increased risk or preterm birth (aOR 1.29, CI 1.11-1.49), apparently driven predominantly by increased moderate-mild preterm (32-37 weeks; aOR 1.28, CI 1.10-1.50) and spontaneous preterm deliveries (aOR 1.39, CI 1.14-1.69), when compared to Private/other covered Veterans (Table 3) . In sensitivity analysis (Table S2) , using the newer birth certificate-derived "best (Table 3 ) or in the sensitivity analyses (Table S3) . VA-covered mothers were significantly more likely to suffer preeclampsia (4.5 percent) than their Medicaid-covered (3.2 percent) or Private/other covered (2.8 percent) peers, and this remained after adjustment (aOR 1.37, CI 1.03-1.81, reference = Private/other coverage) ( Table 3 ). Rates of gestational diabetes among VA covered (7.2 percent), Medicaid-covered (5.6 percent) and Private/other covered (5.2 percent) did not significantly differ in adjusted Lastly, to understand how the obstetric risk profile of VA-enrolled Veterans compared to the general population, we examined differences for all-payer birth outcomes. On average, there were few differences in maternal outcomes between VA-enrolled Veterans and other California women (Table 4) , with identical prevalence of preterm birth and similar rates of cesarean. There was suggestion of lower rates of gestational diabetes among Veterans (5.5 percent vs. 7.3 percent), which was initially observed to be significant when risk was only age-adjusted (aOR 0.81, CI 0.75-0.87, not shown), but appeared to be explained by variation in baseline risk by race and ethnicity, as the effect disappeared after further adjustment, and was null in the fully adjusted model (Table 4) . Similarly, an increased risk of preeclampsia was found for Veterans when risk was only age-adjusted (aOR 1.14, CI 1.04-1.24, not shown) that attenuated markedly (Table 4) once full adjustment accounted for the markedly higher black, non-Hispanic make-up of the Veteran cohort. NICU-level care was a notable exception among the outcomes examined, as it remained slightly elevated for Veteran births, even after full adjustment (aOR 1.15, CI 1.09-1.22). 
DISCUSSION
In this, the first study to link VA and state-level birth data to explicitly examine obstetric care and outcomes, we find that for every VA-covered birth there are more than 10 additional births to VA-enrolled Veterans using other sources of coverage (e.g., Private insurance, Medicaid, or Military TRICARE). Thus, the VA has no birth data for the vast majority of enrolled Veterans' pregnancies. Notes: All comparisons were p ≤ .001 aside from Obstetric Profile: Twins/higher order (p = .003) and VA Status prior to Delivery: Deployment History-Persian Gulf (p = .11); p-values were derived using chi-square for categorical, and analysis of variance for continuous variables. *Eighty-two mothers had ≥1 VA-covered birth(s) and ≥1 Medicaid-covered birth(s); 208 mothers had ≥1 VA-covered birth(s) and ≥1 other birth(s). The above statistical testing for unadjusted comparisons exclude those individuals; subsequent adjusted models take into account within-subject correlation for repeated individuals. † Age restricted to >18 for comparability; for mothers with >1 birth in data, statistics are based on age at first birth. ‡ This category was introduced newly to birth data in 2003, so applies only for births 2003-2012. § Missing for VA-covered n = 60 (4.6%), Medicaid n = 73 (3%), and for other payer n = 263 (2.6%). ¶ Missing for Medicaid n = 1 (0.03%) and for other payer n = 6 (0.05%). **Indicated by at least 1 face-to-face mental health, substance use disorder, women's health clinic, and/or general primary care clinic visit. For VA-enrolled Veterans, Private insurance remains the leading source of coverage for maternity care, with the Military TRICARE insurance and Medicaid being the next most common sources of coverage. Still, over the past decade the fraction using VA has significantly increased, such that the proportion Notes: *p ≤ .05; **p ≤ .01; ***p ≤ .001. All models adjust for age, race, ethnicity, education level, parity, and twins/higher order gestation. High rates of missingness for the last three rows, which are discharge data derived outcomes, are predominantly (>90%) attributable to births at Military hospitals and/or under Military insurance, as the database maintained by the California Office of Statewide Health Planning and Development lacks discharge claims data for these federally covered births. † Records of preterm birth and preterm subtype missing for 38 (2.5%) VA paid births, 113 (3.7%) Medicaid paid births, and 419 (3.2%) other payer births. ‡ Preterm subtype is not modeled because the predictor was not associated with an overall increased risk of preterm birth. of Veteran births covered by VA (14 percent) nearly equaled those covered by Medicaid (15 percent) in 2012. Reassuringly, across that same period, outcomes for Veterans' births, including preterm birth, appear largely on par with outcomes for the age-comparable population.
Strikingly, however, when comparing Veterans who rely on VA coverage to their peers who use other coverage for their pregnancies, we encounter compelling evidence that as a maternity care payer, the VA is covering a disproportionately higher obstetric risk group of Veteran mothers. This is true not only in comparing VA-covered Veterans to those using Private insurance, but also when comparing them to Veterans relying on Medicaid-a population that is typically lower socioeconomic status and might be expected to be more comparable in risk. We find that preeclampsia is uniquely elevated among the VA-covered, but not the Medicaid-covered Veteran. Similarly, we see a trend toward greater NICU use by infants of VA-covered births. It is only thanks to the unique linkage of state-level vital statistics and birth data that we gained insight, not only into the Veteran mothers for whom the VA is providing care, but also those Veterans for whom it does not. Our findings reiterate the importance of not simply relying on VA data (Halanych et al. 2006) when exploring disparities in care or outcomes for VA-eligible Veterans. In our study, Veterans using VA for maternity care coverage were much more likely to be users of VA health care services prior to and during pregnancy. In a survey of VA Veteran mothers eligible for VA maternity benefits from 2008 to 2009 (n = 324) (Katon et al. 2015) , users of VA maternity benefits appeared to be a "higher risk" population based on 2.5-fold rates of depression diagnosis, and 3 to 5 times higher reported rates of current symptoms of PTSD or depression as compared to VA Veterans who used other insurance for maternity coverage. Those findings of disproportionate mental health comorbidity among VA-reliant mothers, combined with our documentation of increased risk in actual obstetric outcomes, strengthen the plausibility that such mental health diagnoses contribute to a poorer reproductive health profile for VA-covered mothers.
The nearly 40 percent relative increase in risk of preeclampsia in VAcovered Veterans is clinically significant. Preeclampsia remains difficult to predict or prevent, but its impacts can be greatly modified by early detection and management. Similarly of concern is the high absolute proportion of infants of VA-covered mothers that experience NICU admission, despite no apparent increased risk of prematurity (typically the biggest driver of NICU admission). When combined with the observations that users of VA maternity care are more likely to have experienced combat deployment, and are more likely to be users of VA primary and mental health care services, it raises the concern that the heavy burden of mental and physical health conditions VA-engaged Veterans carry may put them at increased risk of poorer birth outcomes.
Our preeclampsia finding is consistent with prior works documenting that OEF/OIF-deployed Veterans have above average risk of complications (Katon et al. 2017a ) and hypertensive disorders of pregnancy and that active PTSD in Veterans specifically predicts increased risk of preeclampsia (Shaw et al. 2017) . Our finding of increased preeclampsia in the VA-covered populations suggests that PTSD, as a novel, but widespread, risk factor might plausibly translate to a detectable increased prevalence of preeclampsia across the VA-engaged population. As the VA disproportionately serves and engages Veterans with high mental health needs, these findings suggest a need for more nuanced research and clinical attention to Veterans' newborn outcomes, with focus on potential physiologic (e.g., preeclampsia) and pharmaceutical (e.g., psychotropic medication) maternalfetal exposures associated with psychiatric comorbidity. Our study's confirmation that VA-covered pregnancies are higher risk for both mother and newborn has clear policy implications. It highlights that program cost planning should account for higher obstetric care costs for these Veterans, and it reinforces the importance of tailoring care for Veterans and care coordination between VA care providers and non-VA obstetric care providers. Our observation that 2 percent of Veteran births had no evidence of any payer (i.e., "Self-pay or unknown") might also suggest a subgroup of Veterans important for the VA to reach in maternity care coordination efforts, and highlights the importance of VA and non-VA data linkages to identify gaps in Veterans coverage and care.
In 2012, the VA Office of Women's Health Services issued a Maternity Health Care and Coordination policy that mandated creation of a maternity care coordinator within each regional VA health care system to ensure appropriate care including screening and provision for mental health needs (VA 2012) . Early efforts to evaluate implementation of this novel maternity care coordination role within the VA are ongoing and, appropriately, include significant focus on addressing mental and psychosocial needs in the antepartum and postpartum period (Katon et al. 2017b; Mattocks et al. 2017a ). Our findings highlight the importance of such efforts and reinforce prior calls (Mattocks 2015; Shivakumar, Anderson, and Sur ıs 2015) to ensure that common mental health conditions among Veterans, such as depression and PTSD, receive appropriate ongoing treatment around pregnancy (including preconception counseling and during the susceptible period postpartum) and aspirations for an overarching system of maternity care coordination that spans VA providers and community-based obstetrical providers.
More broadly, this work holds lessons directly relevant to the general VA population, in light of ongoing policy shifts including the Veterans Choice Act (Farmer, Hosek, and Adamson 2016; Mattocks et al. 2017b; VA 2017b) that expand the opportunities and likelihood that Veterans (beyond those requiring maternity care) will seek VA-reimbursed care in non-VA health care settings. Early research of 3 years of experience of the Veterans Choice Act has demonstrated some of the complexities, gaps, and inefficiencies in this effort to expand Veterans' care into the community (Mattocks and Yehia 2017) . For more than a decade prior to the Veterans Choice Act, VA-covered maternity care has analogously reimbursed non-VA providers for specialty care and faced the challenges inherent in tracking and coordinating care provided for covered Veterans. In the face of these challenges, the VA Office of Women's Health Services developed clinically relevant "Health Care and Coordination" policies (VA 2012) Coordinator roles, in acknowledgment that pregnant women using VA coverage may have unique and complex care needs. Our study demonstrates that, indeed, risk profiles of Veterans vary importantly for those who engage and opt to use VA coverage. Our work faces several limitations. First, our ability to identify Veterans remains limited to those women who at some time in the past two decades have enrolled in the VA. We inevitably miss upwards of half of the recent era of women Veterans who never enroll in VA (VA 2015) . Nonetheless, the VAenrolled population is who the VA should reach out to first in its maternal care coordination efforts, and thus, the data shared in our study are of direct value to understanding who the VA serves. Second, California's Veterans' care patterns and needs may not be generalizable to other states. Internal factors, such as regional and local variation in the degree to which VA facilities have implemented gender-specific Veteran care (Oishi et al. 2011; Reddy et al. 2016) may impact women Veterans' experience and thereby the rate of uptake of VA gender-specific benefits such as maternity coverage. External social and policy factors likely also affect the generalizability of our single-state study. For example, there is good reason to suspect that in other states with higher unemployment and/or less comprehensive state public insurance (Medicaid) benefits, there may be more need and use of VA coverage for maternity care. Third, while maternal discharge data are generally of high validity, for some obstetric conditions there is known to be moderate misclassification (Romano et al. 2005; Yasmeen et al. 2006) ; however, we have no reason to believe any such misclassification would be more prevalent in the discharge data of women relying on VA coverage. Lastly, we lacked hospital claims-derived data for those Veterans who gave birth in Federal Department of Defense hospitals in California, and thus for outcomes that require discharge data for accuracy (e.g., preeclampsia and gestational diabetes), we were unable to include those births.
Despite these limitations, our novel methodology linking VA data with state-level birth and obstetric discharge data in California, the most populous U.S. state, allowed a breadth of assessment of Veteran mothers and outcomes not previously feasible. Veterans are confirmed to be a higher risk obstetric population, with the VA covering an even higher risk subpopulation, and the fraction of Veterans using VA maternity coverage is now shown to rival the fraction relying on Medicaid for such benefits. As the VA disproportionately serves those with high mental and physical health needs, these findings reinforce the importance of current efforts (VA 2012; Katon et al. 2017b; Mattocks et al. 2017a ) to coordinate on-site VA care with off-site maternity care, and
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